INTRODUCTION
The harsh operational environments experienced by modern military weapon systems produce a set of demanding system requirements far in excess of commercial requirements. Combinations of environmental effects can degrade weapon system performance at times when maximum performance is needed. Typical mobile military system platforms including fixed wing, rotary wing and wheeled or tracked vehicles produce severe vibration environments for on board electronics. The severe vibration environment not only introduces mechanical failures into NJ 07703-5601 -_ equipment due to stress and fatigue, but also introduces degraded electronic performance which is less widely understood.
Among these electronic performance characteristics, the acceleration sensitivity of crystal oscillators has for some time been recognized as one of the limiting factors in the ultimate performance of military systems. The improved system performance which can be achieved by reducing the vibration sensitivity of crystal oscillators can often be dramatic. A 12 dB improvement in oscillator phase noise under vibration will double the range of a radar system for a constant target size, or improve the target detection capability by a factor of 16 for constant range.
Oscillators tested thus far have exhibited acceleration sensitivities ranging from lO-'/g to 10-7/g.
The range of responses exhibited by the oscillators was as myriad as the number of oscillators tested and several unexpected results were observed in the test data.
In order to test each SAW oscillator, a computer-controlled shake table system is employed, as illustrated in the block diagram, Figure 1 , and as seen in the photograph of the test setup, Figure 2 . The test fixture used to evaluate each of the oscillators is comprised of two major components, namely, a mounting bracket and a circuit board, as pictured in Figure 3 . The mounting bracket, of aluminum construction, is bolted to the shake table and provides a stable platform to mount the circuit board. Each circuit board Was fabricated on 0.060'' thick pc board, having 2.0 oz. of laminated copper on both sides, in order to insure minimum variation in the test fixture I I I 1 I I I I I I FIGURE 1 BLOCK DI AGRAM OF SHAKE TABLE   TEST SYSTEM   FIGURE 3  PHOTOGRAPH OF TEST FIXTURE   FIGURE 2  PHOTOGRAPH OF SHAKE TABLE TEST SYSTEM configuration. The boards, whose dimensions were 4 . 8 cm x 7.3 cm, were used to mount the SAW oscillator and any necessary external circuitry to the mounting bracket.
After the device under test is powered up and the spectrum analyzer is calibrated, the device is subjected to a sinusoidal acceleration of 2 g's. Two accelerometers are mounted on the fixture. One is used in a feedback loop to maintain a peak acceleration level of 2 g's along the desired test axis while the other is used to measure any unwanted transverse acceleration. The vibration frequency is swept from 9 0 Hz to 9990 Hz. If the device is a VCO, tuning voltage is also varied. At each vibration frequency (and each tuning voltage, where applicable), measurements are taken of the power levels and frequencies of the carrier, the first upper sideband and the first lower sideband. The acceleration sensitivity is calculated by the computer using the average of the first sideband power levels, the vibration frequency, the peak acceleration along the test axis and the carrier frequency.
Acceleration sensitivity was measured along three orthogonal directions using the axial convention indicated in In order to calculate the acceleration sensitivity under these conditions , the ttmoderatett index approximation is utilized as explained in detail by Kosinski [ l ] . The procedure is as follows:
(1) The first sideband-to-carrier power level ratio is measured in dBc using the spectrum analyzer.
( 2 ) The data is converted to decimal format using
The modulation index is determined by using the "moderatett modulation index approximation:
The magnitude of the ith component of the acceleration sensitivity vector is given by D.fv
where fv is the vibration frequency, A is the peak acceleration vector and fo is the unperturbed output carrier frequency of the device. where E is the error in measuring the than the substantially larger motion along sideband-to-carrier power level ratio in the desired axis. In order to assess the extent to which the data were affected] the values of Iryl were used to calculate the transverse motion induced power levels for the x-axis and z-axis tests.
The transverse motion sideband levels were plotted together with and compared to the measured sideband levels in order t o determine the validity range for the x-axis and z-axis data. Examples of such plots are illustrated in Figure   5 .
Whenever the transverse motion induced sideband levels were equal to or greater than the measured sideband levels, the data can only be interpreted as representing the upper bound for the acceleration vector component in question. The information provided by the shake table test results is much more comprehensive than the information which is usually available from industry. For example, for a single-frequency SAW oscillator, acceleration sensitivity is often given at only one vibration frequency. However, the two dimensional plots displayed in this report indicate that acceleration sensitivity may vary significantly with vibration frequency. For VCO's, industry often provides acceleration sensitivity at only one tuning voltage. While Figure 11 indicates that for some VCO's r may be relatively constant with tuning voltage, it turns out to be unwise to assume that all VCO's follow the same behavior. For example, Figure 12 displays a large dependence of I rxl and I I on tuning voltage at the lower vibration frequencies. Figure 14 summarizes the results of all the SAW oscillators tested. Figures  14a, 14b and 14c show the magnitudes of the various components for all of the outputs of the units tested. Figure 15 shows the magnitude of the total acceleration sensitivity vector Ir( for each device output measured, i.e., it is the root-sum-squared of the three orthogonal components. identifies the vender of a particular device. The next three columns provide the magnitude of the acceleration sensitivity for the three vector components. Column 6 gives the magnitude of the total acceleration sensitivity vector.
Z-AXIS
The relatively small data sample represented in this market survey shows a large degree of variability, not only from manufacturer to manufacturer and device to device as one might expect, but also from one output t o another for devices with more than one output. For example, in one device with two outputs, there was a difference of a factor of four in the acceleration sensitivity between the two outputs. In the continuation of this study, combined with the measurements of acceleration sensitivity of the oscillators, there will be an empirical study of the physical construction of the oscillators. Notably, during the evaluation of the physical construction of the oscillator, emphasis will be placed on the aspect ratio of the SAW device, the mounting of the SAW, type of components used (i.e. , discrete & chip versus thin film & microstrip), etc. The combination of the acceleration sensitivity data with the observations of the physical construction of the devices should provide an excellent tool for the design and development of a state-of-the-art vibration insensitive SAW based oscillators.
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